Brunfelsia calcyina var. floribunda is an ornamental evergreen shrub found in the United States. A diagnosis of the fatal intoxication of a canine due to consumption of plant material (primarily berries) was made. The significant features of the clinical constellation were similar to those seen with substances interfering with the neurotransmission process, such as lathyrus or strychnine. Necropsy findings on the canine were unrevealing. Toxicologic studies performed on mice and rats with ground shrub material demonstrated that all parts of this plant are toxic, but unequally so. All plant preparations produced signs similar to those of a spinal convulsant. There were no distinguishing gross pathologic or histopathologic findings associated with the toxicoses induced in the laboratory animals with preparations from this plant. The toxic principles from this shrub are water soluble and very stable. The ability of aqueous extracts stored at 4 C to produce the clinical syndrome and subsequent lethality remained unchanged over a period of 4 months. Exposures are not always fatal. They most often occur in the canine and there is a significant hazard for small children.
Plant poisoning of animals is a common clinical oc-
There are certain predilective factors that can lead currence. It is more frequently reported in food-pro-to plant poisoning. Very young animals, such as pupducing animals, but can be a problem with companion pies and kittens, are oral explorers and suffer from the animals such as dogs and cats. Many veterinarians are discomfort of teething. Immature and even older annot familiar with plants indigenous to their area and imals can become bored from continuous confinement the potential harm these plants can cause if ingested. or lack of attention and begin to chew on objects. A Fortunately, dogs and cats are not herbivores and do not generally consume large amounts of plant material. However, these animals occasionally ingest toxic herbaceous materials that should be included in the ap-change in the surroundings of a pet, whether a move to a new area or the addition of a new object into the pet's environment, can havioral abnormalities sti in mulate curiosity. Finally, bethe animal can be the source propriate differential diagnosis list when the signs of of this type of problem. toxicosis share common features with the clinical pre-In this paper, we document the first known intoxisentation. A client may sometimes observe an animal chewing on plant material, which leads to a hysterical cation of a canine with Brunfelsia calcyina var. floribunda, report a description of the plant, and present call to the local veterinarian. The request for help is the findings of toxicological studies in 2 species of rofutile unless the local veterinarian can recognize the dents. plant by description or sight.
Materials and methods A thorough history is always important to ascertain the possibility of exposure of an animal to a plant. It Case history. In January 1989, a case of acute death of is important to remember that chewing on a plant does an 11-wk-old intact female Schipperkee was submitted to not necessarily indicate ingestion. Furthermore, it is the Texas Veterinary Medical Diagnostic Laboratory. The important to evaluate the toxicological hazard in-local veterinarian reported that the client presented the dog volved in any given case. Kittens are less likely to ingest to him with a complaint of an acute onset of anxiety, perforeign plant material than puppies. Caged birds rep-sistent sneezing, vomiting, moderate to severe whole body resent a special problem in that they usually eat pack-muscle tremors, and pyrexia (40.7 C). The physical status of aged feed, but will occasionally be fed some wild seeds the animal progressively worsened over a 2-hr period, culby a well-meaning owner or fancier. minating in a state of severe disorientation, staggering, ataxia, proprioceptive deficits, an inability to right itself, and seizures. The vomitus and loose stool contained numerous small From the Texas Veterinary Medical Diagnostic Laboratory, PO dark brown seeds and intact medium green spherical, firm Drawer 3040, College Station, TX 77841-3040. seed pods. The vaccination history was current and there was Received for publication June 19, 1989. no known, suspected, or possible exposure to any heavy metal, insecticide, pesticide, herbicide, or methylxanthine. The client SGOT, and SGPT. Results were compared to the reported remarked that the puppy was seen eating mulch around bushes in the owner's back yard approximately 2 hr prior to the normal values for mice 3 and rats. 1 Pathologic examination. Tissues from rats, mice, and the first noted presentation of clinical signs. Treatment by the local veterinarian included Valium, prednisolone, and acti-canine were fixed in 10% neutral buffered formalin for histologic examination, sectioned at 5 µm, and stained with vated charcoal.
hematoxylin and eosin (HE) by standard methods.* Specimen collection. Samples submitted to this laboratory Viral examination. Standard techniques, including electron microscopy (negati ve staining), were used for isolation of viruses 5 from brain, lung, and intestine. Tissue samples were ground in brain-heart infusion broth with penicillin, streptomycin, gentamicin, and fungizone. Cell cultures were inoculated and observed for 5-7 days for any evidence of a cytopathogenic effect. All negative cell cultures were blind passed onto fresh cells and observed for an additional 5-7
were packaged with ice and included the carcass, vomitus, fecal material, and several sparsely leaved fruit-bearing branches of undetermined identity ( Fig. la) .
Plant identification. The identity of the herbaceous material was established from the samples submitted and a description of the shrub taxonomic techniques.
itself using conventional botanical
Toxicology. Initial estimates of the toxicity of this plant material were established by grinding 1 fruit (1.75 g) and 4 ml of distilled water in a mortar and pestle to a thick darkgreen homogenate. The mixture was centrifuged at 4,000 rpm ( 1,800 x g) for 5 min, the supernatant decanted, and the pellet discarded. One milliliter of the mixture was administered by gavage to a 40-g mouse. b As this animal showed clinical signs of intoxication and subsequent death, additional animal experiments used an identical dose (1,750 mg [wet weight] plant material/4 ml water/40 g body weight).
days.
Bacteriologic examination. Standard methods were used for bacterial isolation and identification? Samples of lung and intestine were evaluated for aerobic growth on plates of 5% bovine blood agar and plates of Tergitol 7 agar. Growth of anaerobes was evaluated on plates of reduced 5% bovine blood agar in Brewer's jars with a gas pack. Samples were cultured for Salmonella spp. initially on plates of Hektoen. If initial cultures were negative, they were enriched in tetrathionate broth and replated on Hektoen agar. The submitted plant material was divided into leaves, stems (including branches), and fruit. Plant-water combinations
Results
were completely homogenized during 3 min of high-speed
Clinical signs, rats and mice, all preparations. Both mixing and chopping.' After centrifugation as above, the homogenate was immediately administered via gavage to test rats and mice receiving only water did not develop mice b and rats. d Treatment groups of rats and mice (4 groups clinical signs and showed no mortality. All animals x 3 animals per group for each species) received either water given supernatant showed initial signs of intoxication (control) or the supernatant from the homogenate of fruit, within 15 (mice)-60 minutes (rats) after intubation. leaves, or stems and branches. e The treatment groups of mice Mice consistently developed signs earlier than rats. and the volumes of plant homogenate administered per OS This includes the onset of the first observable clinical (p.o.) were control (1.10-l.35 ml), leaf preparation (1.13-signs as well as the evolution of additional signs during 1.36 ml), stem and branch preparation (0.47-0.58 ml), and the period of intoxication. Furthermore, the magnitude fruit preparation (0.36-0.39 ml). The treatment groups of rats and the volumes of plant homogenate administered p.o. were control (8.0 ml), leaf preparation (8.0 ml), stem and branch preparation (3.7-4.1 ml), and fruit preparation (2.5-2.6 ml). Animals were fasted for 10 hr prior to dosing and weighed immediately before intubation. During the course of the study, animals were housed 3 to a cage (1 group) in a quiet lighted room and given free access to water and standard diet. Animals were observed continually by a veterinarian during the course of their intoxication until death or recovery. Blood was collected by means of cardiac puncture f upon the cessation of respiration. These trials were repeated with the homogenates used in the original experiment at 1 mo, 2 mo, 3 mo, and 4 mo after preparation to evaluate the stability of the toxic component(s). In the interim, the homogenates were stored in the dark under air in glass at 4 C. and duration of clinical signs were less in the rats than in the mice. The onset of clinical signs in both species included anxiety, restlessness, and agitated behavior with accompanying increases in heart and respiratory rates. This presentation progressed over the next 15-(mice) to 30-minute (rats) period to include lacrimation, salivation, urination, odontoprisis, wretching, shivering, and an increased rate of self-grooming. Over the next 60 minutes, the animals became severely ataxic and had some proprioceptive deficits. Their stance was very wide based and awkward. At this time the animals all became very antisocial and intolerant of each other's presence. Mice began to vocalize, whereas rats did not and, in fact, never showed this sign during the period of intoxication. At 90 (mice)-150 minutes (rats), animals began to exhibit fine generalized whole body muscle tremors as well as convulsions. The animals also began to demonstrate brief (<2 seconds) irregularly occurring episodes of bilateral front paw shaking and front paw treading. Bilateral horizontal nystagmus was also evident and mucous membranes were a very pale pink, with the extremeties exceedingly Clinical pathologic examination. Blood and serum samples from rats and mice were analyzed using conventional methods. g A complete blood count (CBC) was evaluated for whole blood, including a WBC, a differential count, RBC morphology, and platelet estimate. Parameters evaluated for serum were total protein, albumin, calcium, sodium, potassium, chloride, phosphorus, magnesium, glucose, blood urea nitrogen, creatinine, alkaline phosphatase, total bilirubin, cold to the touch. The convulsions could be precipi-surface of the cerebrum. The rats and mice showed tated by an external stimulus, such as a loud noise. A severe subcutaneous hemorrhage and edema, espetypical convulsive episode was characterized by gen-cially in the dependent areas, with no other remarkable eralized whole body rigidity ("sawhorse" stance) and findings. Death in both rodent species appeared to be tail erection with curling of the tail to a position over due to respiratory arrest, because there was cessation the dorsal midline of the body. The convulsive rate of breathing several minutes prior to the cessation of was irregular and random in occurrence but increased a heartbeat. in frequency with time until death. Typical convulsive Microscopic lesions. Findings in the canine included rates ranged for mice from l/60 seconds (fruit prepamoderate diffuse congestion in the lung and lymph ration) to l/3-5 minutes (stem and branch preparanodes as well as moderate multifocal randomly located tion). Only rats receiving fruit preparations convulsed lymphocytic necrosis in the spleen. The changes were and at a rate of 5/240 seconds. The severity of connot specific but were suggestive of an acute toxemia. vulsions was most intense in the fruit-preparation Histopathologic examination performed on the tissues treatment group. The duration of convulsions inof the rats and mice revealed no significant findings in creased with time of intoxication until expiration for any system examined (external, respiratory, circulaboth species in all treatment groups exhibiting this sign tory, digestive, urogenital, lymphatic, endocrine, musfrom 5 to 240 seconds.
culoskeletal, eye/ear, special senses, and nervous). Rats administered either leaf or stem and branch Bacteriologic studies. No bacteria were isolated from preparations did not convulse and showed only minboth aerobic and anaerobic cultures of the lung, and imal clinical signs. Furthermore, these rats apparently only normal flora (enterics, Enterococcus spp.) were returned to normal by 18 hours (leaf preparation) and isolated from the intestine of the Schipperkee. Canine 12 hours (stem and branch preparation) postintubaintestinal cultures were negative for Salmonella spp.
tion.
Bacteriologic studies were not performed on the rats Terminally, the convulsions were of such magnitude and mice. that the animals would vertically spring 10 (mice)-90
Virologic studies. No viruses were isolated from the cm (rats) into the air, land in lateral recumbency in a canine intestine, lung, or brain or visualized by electron "sawhorse" stance, and remain unable to right themmicroscopy. Virologic studies were not performed on selves for up to several minutes. Prior to death, all the rats and mice. animals became severely depressed and exhibited al-Clinical pathologic studies. CBC, differential blood most a total absence of motor activity. count, and serum chemistry profile were not available The mortality was 100% for each treatment group on the canine. CBCs, differential blood counts, and of mice. There was no mortality observed in rats adserum chemistry profiles (Na, K, Ca, Cl, Mg, alkaline ministered leaf or stem and branch preparations, phosphatase, total protein, albumin, total bilirubin, whereas there was a 33 l / 3 % mortality observed in rats glucose, P, BUN, SGOT, SGPT, and creatinine) were administered fruit preparations. Leaf preparations all within normal limits for the mice and rats tested. caused death in mice at 4 hours post dosing (range, 2-6 hours), whereas stem and branch preparations caused Discussion death of mice at 6.75 hours (range, 6-8 hours). Admin-The genus Brunfelsia belongs to the family Solanaistration of fruit preparations caused death in mice at ceae and comprises some 40 species of shrubs native 2 hours (range, 1.25-2.5 hours) but in rats at 8 hours to South America and the West Indies. 4 There is some (range, 7-9 hours). The remaining surviving rats in confusion over the naming of this species because of this treatment group returned to normal by 24 hours the lack of any recent and comprehensive classification after gavage. These mortality rates were consistently of the genus in botanical literature. The last complete reproduced each time the study was repeated, using classification was published in 1852 and was based original preparations, at 30-day intervals for 120 days. upon very inadequate collections and observations. 10 Three animals were used per treatment group per time Brunfelsia calcyina var. floribunda is a garden shrub (n = 15 for each treatment). also known more commonly as "yesterday-today-and-Gross lesions. The Schipperkee showed no external tomorrow" (Fig. lb) . h This plant is occasionally kept lesions. In addition, there were no significant findings as a potted plant but is much more common in a natin the circulatory, digestive, lymphatic, endocrine, ural state along the coastal regions of the United States musculoskeletal, eye/ear, or special senses systems. where the shrub can more ably withstand the winter There were occasional small randomly located subseason. Semishade conditions in rich acid soil with a pleural hemorrhagic foci on the surfaces of the lungs. generous water supply and excellent drainage appear There was agenesis of the right kidney and occasional best for plant growth. Many times this shrub is found small randomly located subdural hemorrhages over the growing with azaleas and camellias.
It is an erect, compact, spreading evergreen (deciduous in a cold winter) shrub growing up to 1.5-2.0 m in height and equally as large in diameter, forming a hemispherical shape under ideal conditions. The leaves are ovate to oblong, waxy on the negatively geotropic surface, and up to 1.77 cm long. The leaves are bronze green in early spring and dark green by summer. The flowers are quite showy, long, and tubular and flare into 5 flat segments, which are approximately 0.8 cm in diameter and appear in clusters of 2 and 3. These flowers are deep purple originally and gradually change to lavender and then white over a 3-day period-thus accounting for the plant's common name (Fig. 1 c) . The long season of blooming reaches a peak in mid-spring. At any given time the flowers on a specific plant may all be at different stages of maturation. After the spring flowering, the berries on the plant enlarge slowly through the summer and mature in the autumn. At this stage, they are brown-green, about 125 mm in diameter, and have a hard and leathery skin. Each spherical seed pod possesses about 20 centrifugally located small (< 1 mm diameter) hard dark brown seeds surrounded by a white flesh (Fig. 1) .
There are only 2 reports in the literature of the intoxication of a canine by Brunfelsia spp. 9, 11 All of these reports originate from Australia and involve Brunfelsia australis (formerly known as Brunfelsia bonodora). 9, 11 Although Brunfelsia calcyina is known to grow in New South Wales, it does not set fruit in that climate, and its toxicity has not been definitively established. l0 This paper reports the first intoxication of a canine with Brunfelsia calcyina and is the first documented intoxication of Brunfelsia spp. in the Western Hemisphere. In the Australian reports, 1 dog showed clinical signs of gastric and buccal irritation, nystagmus, salivation, vomition, nervous irritation, extensor rigidity, and opisthotonous, but recovered with treatment in 2 days. 11 Another dog died within 10 hours after ingestion of berries after exhibiting vomition, dementia, and severe hematuria. 9 An experimental dog fed 5.4 g/kg of body weight of minced Brunfelsia showed depression, antisocial behavior, vomition, diarrhea, reluctance to stand, decreased motor activity, generalized fine muscle tremors, polyuria, involuntary rhythmic limb extension, convulsions, and opisthotonous. 9 The animal was euthanized at 40 hours post dosing. Gross necropsy revealed only edema and hyperemia of the terminal ileum. Histopathologic findings were not specific. 9 Because our experiments were based upon the wet weight of plant parts, we would prefer not to predict an LD 50 for Brunfelsia spp. or even a comparative LD 50 between plant parts (fruit, leaf, stem, and branch). Clinical signs among treatment groups share many features in common, but there are some salient differences. The rat appears to be more resistant to this type of intox-ication than the mouse; mortality rates for each preparation and the severity of clinical signs in each treatment group was less for mice. No estimates have been made with respect to a lethal canine dose of any plant part. Our experiments indicate that certainly some toxic moieties of Brunfelsia spp. are water soluble and stable for at least several months if refrigerated in unbuffered solution. It is not known at this time if there might be some nonwater-soluble toxicons that could add to the clinical picture. In the mouse, the mortality produced by leaf preparations was less than that produced by fruit or stem and branch preparations. Fruit preparations effected death most rapidly taking 2.0 hours, whereas stem and branch preparations required 6.75 hours. Although it is our subjective opinion, the clinical signs appeared to be most intense in the fruit preparation groups of rats and mice. The differences in severity of clinical signs, number of clinical signs, and mortality can be explained by 2 different hypotheses. The concentration of a major toxic component in various plant parts could differ, suggesting that the observed effects are dose related. Alternatively, different toxins could predominate in any given area of the plant leading to the speculation that different molecular mechanistic processes produced the toxicoses and the subtle differences among treatment groups.
The toxins in Brunfelsia spp. preparations have not been completely characterized. 2, 4, 6, 7, 12 However, the biodynamic compounds of Brunfelsia spp. could very well be tropane alkaloids, as these are common to the Solanaceae family. 2 According to Iyer, Brandl isolated 2 alkaloidal fractions "manacine" and "manaceine" from B. hopeana in 1885. 4 Selective solvent extraction and column chromatography on preparations of Brunfelsia hopeana produced fractions of differing pharmacologic activity in the rat. 4 One of the components of the most active fraction was found to be scopoletin, 6-methoxy-7-hydroxycoumarin. 3 In a recent report, Lloyd et al. have isolated, purified, and verified the structure of a convulsive component of a preparation of Brunfelsia grandflora. 7 This material, pyrrole-3carboxamidine, also known as brunfelsamidine, contains the amidine function, which is not common in nature unlike the guanadino group. The basis of brunfelsamidine's physiologic activity is not immediately obvious, but work is continuing on this compound and analogs of it. 7 There is a well-documented history of the use of Brunfelsia spp. in ethnomedicine of the West Indies and tropical South America. 6, 12 Additionally, there have been some attempts to screen plant preparations for a variety of therapeutic activities. 4, 6, 12 Extracts of Brunfelsia hopeana are as potent an anti-inflammatory as phenylbutazone. 4 Alleged uses by natives include it as an analgesic, purgative, poison, abortifacient, emetic, cathartic, diuretic, diaphoretic, antisyphilitic, dermatologic agent, antirheumatic, antipyretic, hallucinogen, and a treatment for snake bite. The known pharmacological effects of Brunfelsia uniflora are as a diuretic, diaphoretic, purgative, emetic, tonic, anesthetic, abortifacient, antirheumatic, emmenagogue, antisyphilitic, antiscrophular, poison, anti-inflammatory, narcotic, stimulator of endocrine system, stimulator of lymphatic system, hypothermic agent, hypertensive agent, respiratory stimulant, parasthetic, activator of peristalsis, muscular tremorgenic agent, and hallucinogen. l2 Other toxicological differential diagnoses to be considered with this type of clinical presentation are strychnine, lathyrism, methylxanthines, chlorinated hydrocarbons, delayed organophosphate toxicity, metaldehyde, hexachlorophene, zinc phosphide, lead, ammonia toxicity, cane toad intoxication, hypocalcemia, and fulminant hepatic necrosis.
Diagnosis of this type of intoxication at this time can only be made through a combination of history, elimination of exposure of animal to other convulsant toxicants, and identification of characteristic parts of the plant in stomach or intestinal contents.
The recommended treatment for this type of intoxication is to first induce emesis if consumption of the plant material occurred within a 4-hour period prior to presentation. Appropriate agents for this would be apomorphine (0.04 mg/kg i.v., 0.08 mg/kg i.m. or s.c.) or syrup of ipecac (1-2 ml/kg p.o.). The total dose of syrup of ipecac should not exceed 20 ml and should only be repeated once after 20 minutes with no response. If the animal still does not vomit after 2 doses, the syrup of ipecac must be recovered via gastric lavage to avoid the cardiotoxic effects. Activated charcoal i (l-5 g/kg of a 1 g/5-10 ml water solution) increases the efficiency of emesis but cannot be used in conjunction with syrup of ipecac. If the presentation of the animal is later than 4 hours after consumption of the plant material, catharsis should be initiated with sodium sulfate (1 g/kg p.o.). The animal should be kept calm, warm, and isolated in a dark silent area. Vital signs, including patency of the airway, should be monitored frequently. Convulsions can be controlled with such specific antidotes as pentobarbital (i.v. to effect), amobarbital (i.v. to effect), methocarbamol (l49 mg/kg i.v. of 10% solution), glyceryl guaiacolate (110 mg/kg i.v. of 5% solution), or diazepam (2-5 mg/kg i.m.).
Our studies show that Brunfelsia spp. plant material is toxic to mice, rats, and the canine. The fatal intoxication of cattle has been reported but not documented. l2 The level of toxicity of this material is probably dose dependent and certainly is species variable.
Brunfelsia spp. intoxications are characterized by a constellation of clinical signs that develop over a period of hours. The toxicosis is not invariably fatal but can evoke disturbing and worrisome signs. We have found that this shrub is quite widely cultivated by gardening enthusiasts because of its attractive flowering pattern. It can be maintained as an indoor or outdoor ornamental. Accordingly, a hazard exists for small children, as well as for animals, because of their attraction to such objects as berries. 
Sources and manufacturers

